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(54) Vehicle tyre 

(57) A tyre the tread rubber of which comprises at 
least partially a conductive rubber, the conductive rub- 
ber extending from the radially inner surface of the tread 
rubber to the ground contacting surface, and the con- 
ductive rubber being compounded from 100 parts by 
weight of diene rubber and 2 to 30 parts by weight of 
conductive short fibres. The conductive short fibres are 
formed by coating reinforcing short fibres with a conduc- 
tive substance, and the conductive rubber has a volume 
resistance of less than 1X10 8 ohm cm. 
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Description 

The present invention relates to a vehicle tyre improved in rolling resistance and electrical conductivity, more 
particularly to an improved tread rubber decreased in electrical resistance as well as hysteresis loss. 
5 In recent years, from the point of view of environmental issues such as global warming, it is a main theme to 

decrease the rolling resistance of pneumatic tyree. Many attempts have been made, and now tread rubber compounds 
reinforced by silica instead of conventional carbon black are regarded as beneficial. 

Such compounds have a very low hysteresis loss but the electrical resistance is very high. Accordingly, when tyres 
whoselread is made of such insulating rubber are used, the vehicle body is electrostatically charged and problems 
10 such as car fire, radio noise, disturbance of light electrical appliances and the like arise. 

In order to solve this problem, in the published Japanese patent application No. JP-A-9-71112, we proposed a tyre 
in which most of the tread rubber is made of an insulation rubber, but to discharge the static electricity a conductive 
rubber compound is used in part, in which conductivity is provided by adding a conductive small solid substance such 
as carbon black or powdered metal. It is better to minimise the volume of the conductive rubber torn make the tread 
is hysteresis loss low. In this case, however, the carbon black content is inevitably increased to obtain a necessary con- 
ductivity. As a result, in regard to the hardness, wear resistance and the like, it is liable to become difficult to keep a 
proper balance between the conductive rubber and low hysteresis loss rubber. Further, the increased hysteresis loss 
of the conductive rubber by the addition of carbon black is liable to negate the improved rolling resistance. 

It is therefore an object of the present invention to provide a tyre the rolling resistance and conductivity of which 
20 are improved. 

According to the present invention, a tyre comprises a tread rubber the radially outer surface of which forms the 
ground contacting surface of the tyre, the tread rubber comprising at least partially a conductive rubber extending from 
the radially inner surface of the tread rubber to the ground contacting surface, the conductive rubber being compounded 
from 100 parts by weight of diene rubber and 2 to 30 parts by weight of conductive short fibres, the conductive short 
25 fibres being formed by coating reinforcing short fibres with a conductive substance, and the conductive rubber having 
a volume resistance of less than 1X10 8 ohm cm. 

Embodiments of the present invention will now be described in detail in conjunction with the accompanying draw- 
ings; 

30 Fig. 1 (A) is a chemical formula of a pyrrole chain; 

Fig. 1(B) is a chemical formula of an aniline chain; 

Fig.2 is a cross sectional view of an embodiment of the present invention; 

Fig. 3 is a diagram explaining a method of measuring the electrical resistance of a tyre; 

Fig.4 is a cross sectional view of another embodiment of the present invention; 
35 Figs.5-8 are enlarged cross sectional views each showing an example of the conductive portion thereof; 

Fig.9 is a cross sectional view of still another embodiment of the present invention; 

Fig. 10 is an enlarged cross sectional view showing an example of the conductive portion thereof; 

Fig. 11 is an enlarged cross sectional view showing another example of the conductive portion; and 

Fig. 12 is a cross sectional view of an assembly of a cap tread and base a tread formed by an extruder. 

40 

In the drawings, tyres according to the present invention are a pneumatic tyre comprising a tread portion 2, a pair 
of axially spaced bead portions 4 each with a bead core 5 therein, a pair of sidewalis 3 extending between the tread 
edges and the bead portions 4, a toroidal carcass 6 extending between the bead portions 4, and a belt 7 disposed 
radially outside the carcass 6 and inside a tread rubber 9. 
45 The carcass 6 comprises at least on ply of cords extending between the bead portions 4 and turned up around 

the bead cores 5 to form a pair of turnup portions and a main portion therebetween. For the carcass cords, steel cords 
and organic fibres cords, e.g. polyester, nylon, rayon, aromatic polyamide and the like can be used. 

The belt 7 comprises the usual two crossed plies or so-called breaker plies. For the breaker belt cords, steel cords 
are preferably used. It is also possible that the belt further has a bandage ply having cords at substantially zero degrees 
50 cord angle to the tyre circumferential direction. 

Each of the bead portions 4 is usually provided between the carcass ply turnup portion and main portion with a 
bead apex made of hard rubber tapering radially outwardly. 

The tread rubber 9 is disposed radially outside the belt 7 to form the tread portion 2, and the tyre tread or ground 
contacting face 2S is defined by the radially outer surface of the tread rubber. 
55 According to the present invention, the tread rubber 9 comprises a conductive rubber compound 1 0 at least partially 

The conductive rubber compound 1 0 extends from the radially inner surface to the radially outer surface of the tread 
rubber 9 to form at least part of the ground contacting face 2S of the tyre. 

The conductive rubber compound 10 is made of 100 parts by weight of a base rubber compound and 2 to 30 parts 



2 



EP 0 878 330 A2 



by weight of conductive short fibres mixed therein. 

If the conductive short fibres exceed 30 parts by weight, the energy loss between the conductive short fibres and 
rubber abruptly increases, and the rolling resistance is not decreased. Further, the conductive rubber compound is 
increased in complex elastic modulus and the wet performance decreases. Accordingly, the conductive short fibre 
5 content is not more than 30 parts by weight. If less than 2 parts by weight, it becomes impossible to obtain even a 
required minimal conductivity. 

The conductive short fibres are formed by coating reinforcing short fibres with a conductive substance. 

For the reinforcing short fibres: synthetic organic fibres, e.g. nylon, rayon, vinylon, polyethylene, polystyrene, pol- 
yvinyl chloride, polyvinyltdene chloride, aromatic polyamide, polyethylene terephthalate, polypropylene, cellulose and 
10 the like; plant fibres made of cellulose and the like such as pulp; and inorganic fibres, e.g. glass, alumina and the like 
can be used. 

To maintain plasticity of the finished rubber, organic fibres such as nylon fibres and pulp are preferably used. 
Especially nylon fibres are preferable for their superior extensibility, flexibility and strength. 

In view of the conductivity of the finished rubber, fine fibres are preferably used. However, if the fibres are too fine, 
is it is liable to be entangled and the dispersion of the fibres in the compound is hindered. Therefor, the diameter D is 
preferably in the range of from 1 to 100 micro meters. 

The length L of the reinforcing short fibres is preferable in the range of from 10 to 6000 micro meters in view of 
the reinforcing effect. If the length is outside this range, the dispersion of the fibres in the compound is liable to be 
hindered and it becomes difficult to obtain the desired performance. 
20 The ratio L/D of the fibre length L to the fibre diameter D is preferably 10 to 2000. If UD is less than 10, the 

dispersion of the fibres becomes difficult. If more than 2000, in the ground contacting face of the tyre, microscopic 
rubber breaks are caused by the reinforcing short fibres and the wear resistance is decreased. Further, the mutually 
contacting conductive short fibres excessively increase, which increases the internal energy loss and the rolling re- 
sistance is liable to increase. 

25 For the conductive substance for coating the reinforcing short fibres, conductive polymers which principal chain 

has pi-electron conjugation, for example, polypyrrole, polyaniline, alkylenoxide and the like and metal salts can be used. 

In view of the necessary adhesion to the reinforcing short fibres, conductive polymers are preferably used. Com- 
pounds having a polypyrrole framework structure or a polyaniline framework structure are preferably used for the stable 
conductivity. A compound having a polypyrrole framework structure, as shown in Fig, 1(A), is such a compound each 
30 polymer of which has a principal chain which is a pyrrole chain 1 7 made up of pyrrole rings 1 7A. The compound having 
a polyaniline framework structure is a compound each polymer of which has the principal chain which, as shown in 
Fig. 1(B), has an aniline chain 18 made up of anilino rings 18A. 

When such conductive polymers are used, it is preferable for improving the conductivity further more to add a 
• small quantity of an electron-accepting substance such as iodine, arsenic(V)fluoride and the like or an electron-donating 
35 substance such as potassium, sodium and the like. 

In connection with the coating method, a conductive polymer can be formed by polymerising monomers in the 
existence of reinforcing short fibres. 

To explain in detail, for example when the conductive polymer is polypyrrole and the reinforcing short fibres are 
nylon, it is formed by putting the fibres into an aqueous solution of ferric chloride (6) hydrate (FeC^ -6H 2 0), stirring 
40 the solution to diffuse the fibres, adding an aqueous solution of pyrrole, stirring the solution for several hours to allow 
them to conjugate-bond, taking the fibres out through a filter, washing the fibres in the water and methanol, and finally 
vacuum drying the fibres. As the result, nylon short fibres coated with polypyrrole which has a good conductivity can 
be obtained. 

On the other hand, if the conductive substance is a metal salt, various.plating methods such as electroplating and 
45 vacuum evaporation method may be used. 

The quantity of the conductive substance for the coat is set in the range of not more than 1 parts by weight with 
respect to 100 parts by weight of the reinforcing short fibres. The thickness of the coat is about 0.02 to about 0.1 mm. 

The above-mentioned base rubber compound contains, as rubber, one of or a combination of diene rubbers such 
as natural rubber (NR), styrene butadiene rubber (SBR), butadiene rubber (BR), isoprene rubber (IR) and the like. 
50 |f SBR is to be used, S-SBR is especially preferable. Further, it is more preferable to use S-SBR whose glassy- 

transition temperature is not more than -50° C to decrease the rolling resistance. 

Further, conventional additives, for example, rubber reinforcements, sulfur, age resistance additives and the like 
may be added to the base rubber compound. 

For the rubber reinforcements, silica is preferably used because silica shows a low hysteresis loss which helps to 
55 decrease the rolling resistance. The silica content may be 0 to 1 00 parts by weight, preferably 0 to 70 parts by weight. 

For the silica, colloidal silica, the nitrogen adsorption relative surface (BET) of which is in the range of from 150 to 
250 m 2 /g and the dibutyl phthalate (DBP) oil absorption is in the range of not less than 180 ml/100g, is preferably used 
for the rubber reinforcing effect and processing characteristics of the rubber. 
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To minimise the hysteresis loss, the conductive rubber compound 1 0 preferably contains no carbon black. However, 
it is possible to use carbon black. For the carbon black, furnace black (SAF, ISAF and HAF), acetylene black, kettle 
black can be used. 

The carbon black content is 0 to 45 parts by weight. If the carbon black content is more than 45 parts by weight, 
s the hysteresis loss increases and the rolling resistance increases. Further, the electrical resistance is fully decreased 
by the carbon which makes it not necessary to add the conductive short fibres. 

Instead of silica and carbon black, the short fibres can be used as a rubber reinforcement. In this case, the hys- 
teresis loss further decreases and a minimal rolling resistance is obtained. However, it is better to limit the short fibre 
contenFto not more than 30 parts by weight as explained above. 
io Accordingly, the conductive short fibres contact each other and the rubber compound 1 0 is provided with the good 

conductivity required for a tyre. Further, the required conductivity can be obtained using a minimal amount of conductive 
substance, and the quantity thereof is greatly reduced in comparison with a method in which the conductive substance 
is directly added to the base rubber. 

The sidewall rubber and bead rubber forming the sidewall portions 3 and bead portions 4 are made of a conductive 
is rubber compound having a volume resistance of less than 1X10 8 ohm cm. This conductivity is however provided by 
carbon black according to a conventional method. 

The electrical resistance of the tyre between the tread face and rim wheel should be less than 1X10 8 ohm cm. 
Further, it is preferable to maintain less than 1X10 9 ohm cm even after running for 1000 km. 

Fig.2 shows an embodiment of the present invention which is a pneumatic radial tyre for passenger cars. 
20 The carcass 6 is composed of two plies of cords arranged radially at an angle of from 75 to 90 degrees with respect 

to the tyre equator C. Each ply is turned up around the bead cores 5 from the axially inside to outside of the tyre to 
form a pair of turnup portions and a main portion therebetween 

The belt 7 is composed of two cross plies of parallel cords laid at an angle of not more than 30 degrees, in this 
example about 24 degrees with respect to the tyre equator C. 
25 In this embodiment, the tread rubber 9 disposed on the radially outer side of the belt 7 is made only of the conductive 

rubber compound 10. 

Comparison Test 1 

30 Various rubber compounds were made changing the contents of the conductive short fibres, silica, carbon black 

and the like as shown in Table 1 , and the various characteristic were measured. Further, using those compounds as 
tread rubber, test tyres were made and the electrical resistance was measured. 
The method of making the rubber compounds was as follow. 

First, the diene rubber materials shown in Table 1 were mixed up with a Banbury mixer at about 150°C for four 
35 minutes. 

Then, this rubber mixture and 1.0 part by weight of sulfur and 1.5 parts by weight of vulcanisation accelerator were 
further mixed up with biaxial calender rolls at 80°C for about four minutes. 

This mixture was used as raw tread rubber to build a raw tyre and also vulcanised at 170°C for ten minutes to 
make specimens for measuring the volume resistance, wear resistance and loss tangent. 

40 Loss factor test: The loss factor or loss tangent of each of the rubber compounds was measured with a viscoelastic 

spectrometer under the following conditions: dynamic distortion 2.0 %, frequency 10 Hz, temperature 60° C. In Table 
1 , the reciprocals of the measured values are shown using an index based on that Ref.1 is 100. The larger the value, 
the lower the loss tangent, that is, better. 

Wear resistance test: The amount of wear of each rubber compound was measured using a Lanbone wear tester 

45 under the following conditions: rotational surface speed 50 m/min, load 1.5 kgf, slip rate 30 % and 50 % and sand 
discharge 15 g/min. In Table 1 , the mean value of two results at two slip rates is indicated by an index based on that 
Ref.1 is 100. The larger the value, the better the wear resistance. 

Volume resistance test: The volume resistance was measured, using a 15 cm X 15 cm X 2 mm test piece under 
the following conditions: applied voltage 500 Volts, temperature 25° C, humidity 50 %. The results are shown in Table 1 . 

so Tyre electrical resistance test: The raw tread rubber was applied to a raw tyre cover to form a green tyre and then 

the tyre was vulcanised at 1 70°C for ten minutes to make a 1 75/70R1 3 tyre. The tyre electrical resistance was measured 
according to a German method, WDK, Blatt 3. As shown in Fig.3, the tyre 1 mounted on a standard rim R and inflated 
to a pressure of 20 kpa was placed on a steel plate 31 electrically isolated from a table 30. Then a load of 450 kg was 
applied to the tyre. In this condition, the electrical resistance between the rim R and the steel plate 31 was measured 

55 with an ohm meter 32. The applied voltage was 500 volts, the temperature was 25°C, and the humidity was 50%. 
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The comparison of Ref.1 to 3 and Ex.1 to 5 showed that the volume resistance decreased as the conductive short 
fibre content increased. However, when the content was less than 2 parts by weight, the rate of decrease of the re- 
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sistance became small. Contrarily, when the content exceeded 30 parts by weight, the rate of decrease of the wear 
resistance became undesirably large. 

The comparison of Ex.3 and Ex.6 showed that even if the silica content was changed, the effect on reducing the 
resistance was not changed. 

s Comparison of Ex.3 and Ex.7 showed that the longer conductive short fibres reduced more the resistance. 

The comparison of Ref.4 to 6 and Ex.8 to 9 showed that the electrical resistance would be effectively reduced by 
the additive action of the carbon black. 

Fig. 4 shows another embodiment of the present invention. In this embodiment, the tyre is a pneumatic radial tyre 
for passenger cars. The carcass 6 and belt 7 are the same structures as in the above-mentioned first embodiment. 
to The tread rubber 9 is however modified. The above-mentioned conductive rubber compound 1 0 is used partially thereof. 
The tread rubber 9 comprises a conductive portion made of the conductive rubber compound 1 0 and a main portion 
made of another rubber compound 11. 

The main portion 11 is disposed on the radially outer side of the belt 7 and the radially outer surface thereof forms 
most of the tread face 2S. The conductive portion 10 extends from the radially outer surface of the belt 7 to the tread 
'5 face 2S through the main portion 11 so that the radially outer end thereof forms part of the tread face 2S. 

The rubber compound for the main portion 11 is a rubber designed with much importance attached to rolling re- 
sistance, wear resistance and wet performance rather the electrical conductivity. In this example, an insulation rubber 
is used, which is compounded from: 100 parts by weight of rubber base; 30 to 100, preferably 40 to 70, more preferably 
40 to 60 parts by weight of silica; and not more than 30, preferably not more than 10, more preferably substantially 0 
20 part by weight of carbon black. 

For the rubber base, one of or a combination of diene rubber such as natural rubber (NR), styrene-butadiene 
rubber (SBR), isoprene rubber (IR), butadiene rubber (BR), aery Ion itril-butadiene rubber (NBR), chloroprene rubber 
(CR) can be used. In particular, NR, IR, BR and SBR are preferably used. 

Further, various additives such as sulfur, vulcanising agent, vulcanisation accelerator, plasticizer, age resistance, 
2S silane coupling agent and the like may be added. 

For the silane coupling agent, bis(trietxylylpropyl)tetra sulfide and alphamercaptpropyltrimetoxysilane are suitably 
used. 

Therefore the volume resistance of this rubber may be more than 1X10 8 ohm cm. 

Also this compound can be used as the above-mentioned base rubber compound of the conductive rubber com- 
30 pound 10. 

Figs.4 and 5 show an example of the conductive portion 1 0. in this example, the main part of the conductive portion 
10 extending from the radially outer end to the vicinity of the inner end has a substantially constant width Wt, but the 
root part radially inside the main part is gradually widened towards the radially inner side to increase the contact area 
. with the belt 7 and also to prevent stress concentration. In the cross section thereof, the contour of the root part may 
35 be a part of an inscribing circle. The radial height H2 of the root part is not more than 20 % of the over all height H1 of 
the conductive portion 10, and the maximum width Wmax is about 1.2 to 5 times the width Wt of the main part. 

This conductive portion 10 extends continuously in the tyre circumferential direction, and is disposed in the tread 
central region for example on the tyre equatorial line. 

In the tread portion, circumferential grooves G are disposed at a distance from the conductive portion 10. However, 
^o it is possible that axial grooves Y cross the conductive portion 1 0. The above-explained circumferentially continuously 
extending conductive portion 10 means that this portion is materially continuous in the under tread part. Further, it is 
also possible to form this conductive portion 10 in two or more axial positions. 

Figs.6, 7 and 8 show modifications of the sectional shape of the conductive portion 1 0. 
In Fig.6, the axial width gradually decreases from the inner end to the.outer end. 
45 in Fig. 7, the axial width gradually increases from the middle to both the inner and outer ends to form a narrow 

width portion 1 3. 

The minimum width Wmin is preferably in the range of from 1 .0 to 0.4 times the maximum width Wmax at the inner 

end. 

In Fig.8, the axiai width gradually increases from the inner end to the outer end. 
50 Further, as shown in Fig.7 by a chain line, it is possible to decrease the width from a central wide portion 14 to 

both the inner and outer ends. 

The volume V1 of the conductive portion 1 0 is 2% to 20% of the total volume V0 of the tread rubber 9, whereby it 
becomes possible to provide a high performance tyre having a good conductivity by the conductive portion and a 
superior wear resistance, rolling resistance and wet performance by the main portion of the silica base compound. If 
55 the V1 A/0 rate is more than 20%, the wear resistance, rolling resistance and wet performance are deteriorated. If less 
than 2%, the electrical conductivity becomes insufficient. 
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Comparison test 2 

In the same way as explained above, test pieces and test tyres of 175/70R13 size were made, and the volume 
resistance of the compound and the electrical resistance, rolling resistance, wear resistance and wet performance of 
the tyre were measured. 

Volume resistance test: The volume resistance was measured as mentioned above. A value of not more than 12 
is preferable. 

Rolling resistance test: The test tyre was mounted on a standard rim R and inflated to 200 kpa and the rolling 
resistance was measured at a speed of 80 km/h and a tyre load of 345 kg, using a tester. In Table 2, the results are 
indicated by an index based on Ref.1 being 100. The larger the index, the better the rolling resistance. 

Wear resistance test: A passenger car provided with test tyres mounted on a standard rim R and inflated to 200 
kpa was run on expressways and highways for 30,000 km, and the depth of the tread grooves was measured. The 
results are indicated by an index based on Ref.1 being 100. The larger the index, the better the wear resistance. 

Wet preferable test: The test car was run on a wet tiled test course with a very low frictional coefficient along a 
circle and the critical cornering speed was measured. In Table 2, the results are indicated by an index based on Ref. 
1 being 100. The larger the index, the better the wet performance. 

Tyre electrical resistance test: The electrical resistance of the test tyre was measured as explained as above. A 
value of not more than 8 is preferable. 
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Table 2 shows that when the conductive rubber compounds contain 2 to 30 parts by weight of conductive short 
fibres, the electrical conductivity, rolling resistance, wear resistance, wet performance can be improved to a high level 
in a well balanced manner by setting the volume ratio V1/V0 in the range of 2 to 20%. 
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As explained above, in this embodiment, as the tread rubber comprises functionally different compounds, the tyre 
is effectively improved in conductivity, wear resistance, rolling resistance and wet performance. 
; Fig.9 shows still another embodiment of the present invention. In this embodiment the tyre 1 is also a passenger 
/ car radial tyre having a relatively low aspect ratio. 
5 J In this example, the carcass 6 comprises one ply of cords arranged radially at an angle of from 75 to 90 degrees 
' with respect to the tyre equator C, and turned up around the bead cores in the bead portions to form a pair of turnup 
portions 6b and a main portion 6a therebetween. 

The belt 7 comprises two radially inner and outer crossed plies whose cords are laid at angles of from 1 5 to 40 
degreers with respect to the tyre equator C. In this example, steel cords are used as the belt cords to provide a good 
io electrical conductivity. 

In this embodiment, the conductive rubber compound 10 is used partially. 

The tread rubber 9 comprises a base tread portion 10 and a cap tread portion 11. 

The base tread portion 10 is disposed radially outside the belt 7 and made of the conductive rubber compound 10 
to have a volume resistance of less than about 1X10 8 ohm cm. The width of the base tread portion 10 is substantially 
15 the same as the width the belt 7. The thickness thereof is substantially constant all over the width. 

The cap tread portion 11 is disposed radially outside the base tread portion so that the radially outer surface defines 
most of the tread face 2S. The width thereof is substantially the same as the base tread portion 10. 

In order to reduce the rolling resistance, the cap tread portion 11 is made of the same compound as the main part 
of the tread rubber in the second embodiment. That is, a compound reinforced by mainly silica is used. The carbon 
20 black contents is preferable about 3 to 20 parts by weight with respect to 100 parts by weight of the diene rubber to 
fulfil the requirements for the cap tread portion 11 such as elasticity, hardness, heat generation and the like. If the 
carbon black content exceeds 20 parts by weight, the excellent effect of silica in low rolling resistance decreases and 
the rubber is liable to lose suppleness. As mentioned above, the upper limit of silica content is 100 parts by weight. If 
it exceeds 100, it becomes difficult to limit the carbon black content to the preferable range and photo-oxidative deg- 
25 radation is liable to occur which decreases the weather resistance. Thus the cap tread portion 11 is an insulation rubber 
the volume of which resistance is more than 1X10 8 ohm cm. 

Preferably, the ratio (h1/h2) of the thickness hi of the cap tread portion 11 to the thickness h2 of the base tread 
portion 10 is set in the range of 1.5 to 4.0. 

/ To discharge electricity to the ground, a circumferentially continuous conductive portion 1 2 or a plurality of circum- 
30 jferential spaced conductive portions 12 are provided in the ground contacting area 2S. 

The conductive portion 1 2 extends from the base tread portion 10 to the tread face 2S to penetrate the cap tread 
portion 11. 

The base tread portion 1 0 and conductive portions 1 2 are made of conductive rubber compound having a volume 
. resistance of less than 1 X10 8 ohm cm. 
35 in Fig.9, the conductive portion 1 2 is disposed along the tyre equator C so as to be able to contact the ground with 

a sufficient ground pressure during cornering as well as straight running. However, it is also possible to form the con- 
ductive portion 12 in two or more axially spaced positions, for example on each side of the tyre equator C. 

As an alternative to a circumferentially continuously extending conductive portion 12, it can be formed as inde- 
pendent poles or columns. In a cross section parallel to the tread, the cross sectional shape may be formed as a circle, 
40 rectangle and the like. Such independent conductive portions can be arranged in a circumferential row or rows. Further, 
a scattered arrangement is also possible. In any case, the arrangement should be such that one or more conductive 
portions always appear in the ground contacting patch of the tyre. Preferably, the corner between the base tread portion 
10 and the conductive portion 12 at the radially inner end 12b thereof is rounded to avoid a stress concentration. 
The axial width Wt of the conductive portion 12 at the outer end 12t or the tread face 2S is preferably set in the 
45 range of 0.5 to 20.0 mm or more preferably 5 to 20 mm. If the width Wt is less than 0.5 mm, the electrical contact 
resistance to the road surface becomes unstable. If the width Wt exceeds 20 mm, the conductive portion 12 is liable 
to reduce the cap tread portion 11 rolling resistance and wet performance characteristics. 

To avoid cracking at the inner end 12b, the conductive portion 12 is provided radially outwards of the inner end 
12b with a narrow width part 1 3 narrower than the inner end 12b. The minimum axial width in the narrow width part 13 
50 is preferably in the range of 60 to 80 % of the maximum width Wb at the inner end. 

In Fig. 1 0, the narrow width part 1 3 is formed at the outer end 1 2t, and the width gradually decreases from the inner 
end 12b to outer end 12t so that the width becomes a minimum at the tread surface 2S. 

Fig. 11 shows another example of the conductive portion 12 in which the narrow width part 13 is formed in the 
middle of the radial extent of the conductive portion 12. The width is increased gradually from the narrow width part 
55 13 to both the outer end 12t and inner end 12b and the outer end 12t and inner end 12b are substantially the same 
axial width. 

Fig. 12 shows a cross section of a strip of raw tread rubber. The raw rubber compounds for the cap tread portion, 
base tread portion and conductive portion are extruded from the dies of a extruder and united in one body as raw tread 
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rubber. Such a strip is skived and wound around the circumference of the tyre, and the circumferential ends are spliced. 
Thus, in the tread portion of the tyre, 90% or more of the conductive short fibres are oriented in the tyre circumferential 
direction. As a result, the base tread portion 10 has a directional elastic modulus such that the complex elastic modulus 
E*c in the tyre circumferential direction is not less than 1.1 times the complex elastic modulus E*a in the tyre axial 
5 direction, whereby the rigidity in the tyre circumferential direction can be increased without sacrificing the ride comfort. 

In this example, the tread rubber further includes wing rubbers 15 disposed at the axial ends of the cap tread 
portion 11 and base tread portion 10. 

The carbon black content of the conductive rubber compound is preferably not more than 35 parts by weight with 
respecf to 100 parts by weight of the rubber base. If the carbon black exceeds 35 parts by weight, the hysteresis loss 
10 of the rubber has a tendency to increase. 

Further, when the short fibres content is increased enough to provide a sufficient reinforcing effect to the conductive 
rubber compound, it is possible to decrease the carbon black to substantially zero, which helps to further improve the 
rolling resistance. 

If silica is to be added together with the conductive short fibres to decrease the hysteresis loss, the silica content 
is is preferably limited to not more than 10 parts by weight However, it is more preferable to decrease the silica content 
to zero. 

In the conductive rubber compound and the insulation rubber compound, the carbon black is not limited to a specific 
sort of carbon black, but carbon black whose particle diameter is not more than 30 nm, that is, hard carbon is preferably 
used. 

20 in this embodiment, the cap tread portion 11 is reinforced by silica and the base tread portion 10 is reinforced by 

conductive short fibres and optionally a minimal amount of carbon black. Therefore the hysteresis losses of both the 
rubbers 10 and 11 are low. In this case, by further decreasing the loss tangent of either of the cap tread portion 11 and 
base tread portion 10, the rolling resistance can be further decreased while maintaining a good ride comfort. If the 
base tread portion 10 is decreased relatively, it is preferable because the heat generation during running is reduced 

25 on the inner side of the tyre. It is however more preferable that the cap tread portion 11 is decreased relatively, because 
the cap tread portion 11 is more effective than the base tread portion 10 on decreasing the rolling resistance. In this 
example, therefore, the loss tangent of the base tread portion 10 is less than that of the cap tread portion 11. 

In this embodiment, the wide conductive base tread portion is disposed at the radially inner end of the conductive 
portion and extends along the belt, and at least the axial edges of the base tread portion are electrically connected 

so with the sidewall rubber and then bead rubber. Accordingly, it is not always necessary to use a steel belt. 

Comparison test 3 

Pneumatic radial tyres (size: 205/65R15) having the structure shown in Fig.9 were made by way of test using 
35 various tread rubber compounds shown in Table 3, and tested for the rolling resistance, electrical resistance and wet 
performance. The test results are shown in Table 4. 

In the test tyres, the bead portions and sidewall portions were made of a rubber compound having a volume 
resistance of about 1X10 7 ohm cm. The base tread portions 5 to 8 were the same complex elastic modulus ratio (E*c/ 
E*a)of1.1. 

40 Incidentally, in the present invention, the complex elastic modulus E* and loss tangent are measured with a vis- 

coelastic spectrometer under the following conditions: temperature 70°C, initial elongation 10%, dynamic distortion 
plus/minus 1%, frequency 10Hz. 
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Claims 



55 1 . a tyre comprising a tread rubber (2) the radially outer surface of which forms the ground contacting surface (2S) 
of the tyre, the tread rubber comprising at least partially a conductive rubber extending from the radially inner 
surface of the tread rubber to the ground contacting surface, characterised in that the conductive rubber is com- 
pounded from 100 parts by weight of diene rubber and 2 to 30 parts by weight of conductive short fibres, the 
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conductive short fibres being formed by coating reinforcing short fibres with a conductive substance, and the con- 
ductive rubber having a volume resistance of iess than 1X10 8 ohm cm. 

2. A tyre according to claim 1, characterised in that the length of the conductive short fibres is 10 to 6000 micro 
5 meters, and the length/diameter ratio of the conductive short fibres is 10 to 2000, 

3. A tyre according to claim 1 or 2, characterised in that the reinforcing short fibres are organic fibres, and the con- 
ductive substance is one or more of conductive polymers of which the principal chain has pi-electron conjugation. 

10 4. A tyre according to claim 3, characterised in that the reinforcing short fibres are a nylon fibre or cellulose fibre, and 
the conductive substance is a compound each polymer of which has the principal chain made up of pyrrole rings 
or anilino rings. 

5. A tyre according to claim 4, characterised in that the conductive substance includes a small quantity of an electron- 
's accepting substance such as iodine, arsenic(V)fluoride and the like, or an electron-donating substance such as 

potassium, sodium and the like. 

6. A tyre according to claim 1 or 2, characterised in that the reinforcing short fibres are an organic fibre, and the 
conductive substance is a metal salt. 

20 

7. A tyre according to any of claims 1-6, characterised in that substantially the whole of the tread rubber is the con- 
ductive rubber. 

8. A tyre according to any of claims 1-6, characterised in that the tread rubber further comprises a less-conductive 
25 rubber and the conductive rubber forms a circumferentially extending conductive part of the ground contacting 

face, and the less-conductive rubber forms the remaining major part of the ground contacting face. 

9. A tyre according to any of claims 1-6, characterised in that the tread rubber further comprises a less-conductive 
rubber, the conductive rubber forms a plurality of circumferentially spaced conductive parts of the ground contacting 

30 face, and the less -conductive rubber forms the remaining major part of the ground contacting face. 

10. A tyre according to any of claims 1-6, characterised in that the tread rubber further comprises a less-conductive 
rubber, the conductive rubber forms a circumferentially extending conductive part and a plurality of circumferentially 
spaced conductive parts of the ground contacting face, and the less-conductive rubber forms the remaining major 

35 part of the ground contacting face. 

11. A tyre according to any of claims 8-10, characterised by a steel cord belt (7) disposed immediately inside of the 
radially inner surface of the tread rubber (2), and the volume of the conductive rubber is 2 to 20 % of the total 
volume of the tread rubber, and the maximum/minimum ratio of the axial width of the conductive rubber is 1 to 

40 about 5. 

12. A tyre according to claim 11, characterised in that the axial width of the conductive rubber decreases radially 
outwardly from the radially inner end. 

45 13. A tyre according to any of claims 8-1 0, characterised in that the conductive rubber forms a base tread portion (1 0) 
which defines the radially inner surface of the tread rubber, and on which the less-conductive rubber is disposed, 
and one or more ground-contacting portions (13) extending radially outwardly from the base tread portion to the 
ground contacting face. 

so 14. A tyre according to claim 1 3, characterised in that said one or more ground-contacting portions (1 3) are provided 
on the radially outer side of the radially inner end thereof with a narrow width portion. 

15. A tyre according to claim 1 3 or 14, characterised in that the less-conductive rubber is compounded from 100 parts 
by weight of diene rubber base, 30 to 100 parts by weight of silica, and 3 to 20 parts by weight of carbon black, 

s $ and the volume resistance thereof is not less than 1 X1 0 s ohm cm. 

16. A tyre according to claim 13, 14 or 15, characterised in that the loss tangent of the conductive rubber in the base 
tread portion is less than the loss tangent of the less-conductive rubber thereon. 
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17. A tyre according to claim 13, 14, 15 or 16, characterised in that the base tread portion has a directional complex 
elastic modulus such that the complex elastic modulus E*c in the tyre circumferential direction is not less than 1 . 1 
times the complex elastic modulus E*a in the tyre axial direction. 
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